Background: Measuring and understanding main determinants of length of stay (LOS) in emergency departments (EDs) is critical from an operations perspective, since LOS is one of the main performance indicators of ED operations. Therefore, this study analyzes both the main and interaction effects of four widely-used independent determinants of ED-LOS. Methods: The analysis was conducted using secondary data from an ED of a large urban hospital in Izmir, Turkey. Between-subject factorial analysis of variance (ANOVA) was used to test the main and interaction effects of the corresponding factors. P values <.05 were considered statistically significant. Results: While the main effect of gender was insignificant, age, mode of arrival, and clinical acuity had significant effects, whereby ED-LOS was significantly higher for the elderly, those arriving by ambulance, and clinically-categorized high-acuity patients. Additionally, there was an interaction between the age and clinical acuity in that, while ED-LOS increased with age for high acuity patients, the opposite trend occurred for low acuity patients. When ED-LOS was modeled using gender, age, and mode of arrival, there was a significant interaction between age and mode of arrival. However, this interaction was not significant when the model included age, mode of arrival, and clinical acuity. Conclusion: Significant interactions exist between commonly used ED-LOS determinants. Therefore, interaction effects should be considered in analyzing and modelling ED-LOS.
Implications for policy makers
From an operations perspective, this study offers valuable insights for emergency department (ED) managers and practitioners: • These findings may provide additional information for practitioners starting from the triage process while classifying patients based on their clinical acuity levels, relevant ED staff, and the patient and/or relatives can be informed about estimated length of stay (LOS). • Estimated LOS values in each category can be used for planning, such as informing ambulance services regarding the number of high acuity patients requiring long stays, and efforts to persuade them to direct subsequent ambulances to another ED if possible. • While planning the daily shifts of ED personnel, estimated LOS values can be used for increasing personnel numbers in higher priority areas when elderly patients arriving by ambulance enter the system, and increasing personnel numbers in lower priority areas when the number of young patients classified as low acute increases. • For planning ED capacity in the medium to long term, these findings are useful for practitioners if combined appropriately with a demand forecasting model.
Implications for the public
One major problem during emergency department (ED) visits of patients is the overcrowded environment causing long stays and dissatisfaction. The findings of this study (using main and interaction effects of determinants of ED-length of stay (LOS), estimated LOS values for each category, and deciding which patient groups have the longest stays) will enable policy-makers to prepare better ED operational plans, such as demand forecasting, capacity planning, and scheduling. Improved performance in operational plans may decrease ED overcrowding, thereby providing patients with timely and high-quality medical care and thus increasing patient satisfaction.
Background
Emergency departments (EDs) are the most critical medical resource for delivering emergency services. Given the busy work environments within EDs, and the need to make immediate decisions to ensure prompt treatment of patients, medical errors or inadequate service are unavoidable. 1 Timeliness is thus a major quality-of-care indicator for ED services, on par with patient centeredness, guideline concordance, efficiency and equity, number of return visits within 30 days, etc. 2 Timeliness of ED services is mainly measured by length of stay in EDs (ED-LOS). 3, 4 Given that ED-LOS is a challenge for ED management, understanding its main determinants is a key issue for dealing with this problem. Consequently, analyzing and reporting these factors have attracted significant attention recently. Table 1 presents a summary of previous studies analyzing the effects of different factors on ED-LOS.
Previous studies have analyzed the main effects on ED-LOS of many different patient, physician, time, or organizational factors. However, besides the main or individual effects of each factor, 2 or more factors may interact with significant effects on ED-LOS. Interaction effects represent the combined effects of factors on the dependent factor. Specifically, the impact of one independent variable depends on the level of the other independent variable. To illustrate this in an ED setting, consider a situation where the dependent factor is ED-LOS, and the 2 independent factors are gender and age. Assume ED-LOS is measured in minutes on a continuous scale while the independent factors are measured on nominal scales with 2 levels each: male and female for gender, and young and old for age. Assume further that the main effect of age on ED-LOS is significant whereas gender has no significant effect. That is, ED-LOS differs significantly between young and old patients but not between males and females. However, if the effect of age on ED-LOS for males is different from the effect of age on ED-LOS for females then there is an interaction, which needs to be considered while making plans for ED operations. This is because the ED-LOS of old male and female patients is likely to differ and it is also likely to differ for young male and female patients.
This study therefore analyzed both the main and interaction effects of 4 widely-used independent determinants of ED-LOS (gender, age, mode of arrival, and clinical acuity) using between-subject factorial analysis of variance (ANOVA). Analyzing these interaction effects can offer deeper insights for ED managers and practitioners while planning operations than just focusing on main effects.
Methods
The analysis was conducted using secondary data for all patient arrivals during May 2017 at the ED of a large urban hospital, with an annual rate of 350 000 visits approximately, in Izmir, Turkey. The sample size was adequate to investigate the study's objectives.
The independent variables were gender, age, mode of arrival, and clinical acuity while the dependent variable was ED-LOS, defined as the time from registration to exit (ie, the patient is admitted to a hospital bed, transferred to another department or a different hospital, or goes home). 3, 4 These variables were chosen because they are the most commonly used in ED-LOS research. While ED-LOS was a continuous variable measured in minutes, the independent variables were all categorical in accordance with methodological assumptions. The independent variables had the following levels:
• Gender: male, female • Age: age ≤14, age: , age ≥65 • Mode of arrival: walk-in, by ambulance Type of health insurance 8, 13, 25 14 Language 26 27 Clinical Clinical acuity or triage category 5, 7-9, 11, 12, 18, 21, 22, 28-30 31 Mode of arrival 11, 12, 17, 19, 21, 22 Use of diagnostic test or laboratory studies 6, 10, 28, [32] [33] [34] [35] [36] ED ED census 6, 9, 37-39 8, 12 Number of physicians 8, 32 Number of support personnel 8 Training level of ED personnel 8 10 Time Day of visit 12, 18 6, 9, 23, 25 Month of visit 9, 12 Period of visit 12, 17, 18, 40 6, 23, 36 System/organizational Geographic location 10, 29 14 Hospital ownership 23 10 Abbreviations: ED, emergency department; ED-LOS, length of stay in emergency department.
• Clinical acuity: high, low Clinical acuity was based on the triage categories assigned to patients by the responsible nurses in the triage room. The studied ED uses a 3-level scale from 1 to 3 of emergent, urgent, and non-urgent patients. 41 Patients with life or limbthreatening problems that require immediate intervention are classified as emergent; patients requiring prompt care but not at risk of loss of life or limb if left untreated for several hours are classified as urgent; patients who require treatment but are not time-critical are classified as non-urgent. In this study, since time is a critical factor for emergent and urgent patients, they were labeled as high acuity while those triaged as not urgent were labeled as low acuity.
The analysis included 4 main steps:
Step 1: The raw data was pre-processed and structured. During preprocessing, entries with missing values, inconsistent, or redundant data, and outliers were removed. The standardization rule was used for outlier detection. According to this rule, the dependent variable, ED-LOS, was standardized by converting each patient's ED-LOS values to standard z-scores (following a standard normal distribution with a mean of 0 and a standard deviation of 1). Standardized z-scores falling outside the 99% CI (-2.5, +2.5) were considered outliers.
Step 2: The study hypotheses were defined.
Step 3: The required assumptions for between-subject factorial ANOVA were checked.
Step 4: Based on the number of independent variables and the levels of each, the appropriate between-subject ANOVA designs were defined and tested.
Since 4 main independent factors were considered and their 3-way effects on ED-LOS were to be investigated, 4 hypotheses sets were described. Table 2 shows the set of hypotheses, the independent variables and number of levels, the hypotheses (null versions), and the appropriate ANOVA designs.
Statistical analysis was conducted using SPSS version 22.0 for Windows (SPSS, Chicago, IL, USA).
Results
The total number of patients arriving at the ED during the study period was 30 612. After eliminating missing, inconsistent, and redundant entries, 30 020 entries remained.
Once the outliers had been excluded, based on the ED-LOS values, 29 213 patients' data remained for the analysis. Thus, 4.57% of the raw data was excluded during pre-processing. Before removing the outliers, the average ED-LOS was 104.22 minutes with a standard deviation of 122.97 minutes. Afterwards, the average ED-LOS was 90.70 minutes with a standard deviation of 87.79 minutes.
Descriptive Data Analysis
The descriptive statistics of the variables are presented in Table 3 . Table 3 shows that average ED-LOS was longer for females than males and was higher for elderly patients. Similarly, patients arriving by ambulance or with high clinical acuity had noticeably longer ED-LOS values than those who arrived on foot or had low clinical acuity. The standard deviation values indicate that ED-LOS varied significantly within the specific groups. Both females and males, and high and low clinical acuity patients had similar frequencies. However, the frequency distributions differed for age and mode of arrival. Patients in the middle age group and those arriving on foot had the highest percentage distributions.
Hypotheses Testing A between-subject factorial ANOVA was used to test the main and interaction effects of the independent variables on the dependent variable, ED-LOS. Before applying the method, its required assumptions were tested. Details of the assumptions check are given in Supplementary file 1. The assumptions of normality and homogeneity of variances were both violated (see assumptions 5 and 6). However, since ANOVA works quite well even if the normality assumption is violated (that is, one or more of the distributions are highly skewed) or if the variances differ noticeably between variables, 42 it was concluded that this method could be used to test the hypotheses.
The study hypotheses were then tested using the proposed designs, based on the number of independent variables and levels of each variable, as shown in the fourth column of Table  2 . Table 4 reports the main results of the hypothesis testing while Supplementary file 2 presents the detailed statistics, including sum of squares, degrees of freedom, mean square, F values, P values, R-squared and adjusted R-squared values. The interaction plots are presented in Figures 1 through 4 . Figure 1 shows that average ED-LOS was slightly higher for females than males, both for walk-in patients (Figure 1a ), and those arriving by ambulance (Figure 1b ). ED-LOS increased with age for both genders, regardless of mode of arrival. Figure 2 shows that ED-LOS differed for the 2 levels of clinical acuity. For low acuity patients, ED-LOS decreased with age for both genders. Although it was highest for the youngest patients (aged ≤14) for both genders, while it was lowest for the middle aged group (age: ) for males, it was lowest for elderly (aged ≥65) for females (see Figure  2a ). On the other hand, for high acuity patients, ED-LOS increased with age for both males and females (Figure 2b) . Figure 3 shows ED-LOS was higher for females than males for both low-acuity ( Figure 3a ) and high-acuity (Figure 3b ) patients. ED-LOS was significantly higher for those arriving H 13 : mode of arrival has a non-significant main effect on modelling ED-LOS with the independent variables of set 1.
H 14 : gender and age have a non-significant interaction effect on modelling ED-LOS with the independent variables of set 1.
H 15 : gender and mode of arrival have a non-significant interaction effect on modelling ED-LOS with the independent variables of set 1.
H 16 : age and mode of arrival have a non-significant interaction effect on modelling ED-LOS with the independent variables of set 1.
H 17 : gender, age and mode of arrival have a non-significant interaction effect on modelling ED-LOS with the independent variables of set 1.
Set 2
Gender (2) by ambulance than on foot. Figure 4 shows that while ED-LOS decreased with age for low-acuity patients, regardless of their mode of arrival ( Figure  4a ), the opposite was true for high-acuity patients (Figure 4b ).
Discussion
Since ED-LOS is one of the main performance indicators of hospital emergency services, measuring and understanding its main determinants is critical for managers from an operations perspective. This study analyzed the main and interaction effects of 4 determinants of ED-LOS (gender, age, mode of arrival, and clinical acuity). Previous studies have used various methodologies to study the main effects of different variables on ED-LOS: chi-square tests 6, 7, 8, 11, 16, 18, 19, 25, 26, 27, 28, 30, 32, 37 multiple linear regression, 10, 12, 13, 20, 22, 23, 24, 26, 36, 39 log linear regression, 21 multilevel hierarchical analysis, 9, 35, 40 autoregression models, 31 simple/multivariate logistic regression models, 11, 14, 17, 24, 25, 34, 43 ANOVA, 5, 6, 32 and the Cox proportional hazard model. 29, 33 However, the literature lacks studies of the interaction effects of 2 or more factors. This study therefore used a betweensubject factorial ANOVA to analyze both the main and interaction effects of at least 2 independent variables on the dependent variable for independent observations. Many researchers have investigated the main effect of gender. Although some of concluded that it had a significant effect on ED-LOS, [5] [6] [7] whereby female ED-LOS was significantly longer than male, many others have found no significant gender effect on ED-LOS. [8] [9] [10] [11] [12] [13] [14] The present study supports the latter group. Although ED-LOS was longer for females than males, the difference was not significant.
The main effect of age has also been extensively analyzed, with most studies finding that age significantly affects ED- LOS, 5, 9, [11] [12] [13] [15] [16] [17] [18] [19] [20] [21] although some studies report an insignificant effect. 8, 10, 14, 22 The present study supports the majority of previous research in that age had a significant in that ED-LOS was longer for elderly patients.
In EDs, patients with high clinical acuity or more lifecritical conditions are triaged into higher priority areas and vice versa for those with low acuity. As it should be, patients in higher priority areas are treated as soon as possible so their initial wait time to see a physician is shorter than that of other patient types. On the other hand, they generally require deeper investigations, diagnostic tests, or laboratory studies, which lengthens their ED treatment stay. 36, 44 Clinical acuity has therefore been extensively studied as an ED-LOS determinant, with a majority reporting that it is a significant ED-LOS determinant. 5, [7] [8] [9] 11, 12, 18, 21, 22, [28] [29] [30] Very few studies have reported a non-significant effect, 31 with the findings in the present study support the majority of the literature in that clinical acuity was a significant determiner of ED-LOS.
Mode of arrival was another important and widely analyzed ED-LOS determinant. Mode of arrival can be classified as arriving by ambulance or on foot. Unsurprisingly, patients in life-critical situations generally arrive by ambulance. Thus, previous studies have found that mode of arrival significantly affects ED-LOS because patients arriving by ambulance require lots of investigations and longer stays. 11, 12, 17, 19, 21, 22 The present study supports these results.
The significant interaction between age and clinical acuity reported above shows that effect of age on ED-LOS differs for low and high acuity patients. Thus, while planning ED operations, such as generating estimations for ED-LOS, the patient's age and clinical acuity should both be considered since an increase in age does not always a mean a longer ED-LOS. Figures 2a and 4a show that ED-LOS decreases with age for low acuity patients.
On the other hand, while the interaction in the present study between age and mode of arrival was significant when the model's independent variables were gender, age, and mode of arrival, the interaction was not significant when the model included age, mode of arrival, and clinical acuity. This indicates that the interaction effects of the variables in the factorial ANOVA models are closely dependent on the set of independent variables considered in each model. The results in this study show that the effect of age on ED-LOS was different for patients arriving by ambulance and on foot ( Figure 1 ) while age also had stronger and more significant effects for both high acuity and low acuity patients compared to those arriving by ambulance and on foot ( Figure 4) . Thus, when the model included the pairs of age, mode of arrival, and clinical acuity, the interaction between age and clinical acuity eliminated the interaction between age and mode of arrival.
One particularly interesting result concerns the age-related ED-LOS trend for low-acuity patients (Figure 2a ). For these patients, ED-LOS was higher for young patients and lower for elderly patients, for both males and females. A possible interpretation of this result is that the past diagnoses of elderly patients are known (as most have a patient history in the hospital databases) whereas it takes time to determine the diagnosis in young patients (many of whom have no database record). In addition, the studied ED has a policy of prioritizing elderly patients whenever possible, even if they are low acuity. In contrast, Figure 2a also shows that older male patients, but not females, (age ≥65) have a longer ED-LOS than midage patients (age: ). Although this interesting result could not be specifically interpreted with the available data, it is probably related to differences in diagnoses given to each age group. Future studies could explore this result further by using patients' diagnostic data.
Limitations
This study had several limitations. First, the data was from just one institution so the findings may not be generalizable to other institutions. Although sample size was adequate for the research design, seasonal variations could not be included in the models because there was just one month's data. Although the 4 factors considered here have been widely used in the literature to model ED-LOS, there are many other factors that previous studies have analyzed. Thus, using only 4 of these factors is another limitation of this study.
Despite the sample size, the limited number of considered factors, and the fact that it is a single site study, the results of this study indicate that other institutions should include interaction terms when analyzing factors that impact ED-LOS. As in this study, these other institutions may find significant interaction effects beyond the well-studied main effects that deserve further investigation while analyzing and modeling ED-LOS.
Conclusion
Awareness of the important determinants of ED-LOS is critical for improving operations planning and service quality in emergency services. While decision-making can be improved by considering the main effects of each independent factor, it is also essential to focus on the interactions between different factors since these allow a deeper analysis for ED-LOS planning.
